SHE-6933 


PATENT 


"Express Mail" Mailing Label Number 

EU516995670US 

I HEREBY CERTIFY THAT THIS PAPER OR FEE IS BEING DEPOSITED WITH THE U.S. POSTAL 

SERVICE "Express Mail Post Office - To - Addressee" service under 37 CFR 

1.10 OR THE DATE INDICATED BELOW AND IS ADDRESSED TO THE COMMISSIONER FOR 

Patents, P.O. Box 1450, Alexandria, VA 22313-1450, ON 



LOW PROFILE HEART VALVE PROSTHESIS 
Technical Field 

The present invention relates to a bio-prosthesis, and more particularly to 
a heart valve prosthesis having a low profile. 

5 

Background of the Invention 

Numerous types of heart valve prostheses have been developed for 
replacing defective heart valves in human patients. One common type of heart 
valve prosthesis includes a natural tissue heart valve mounted within a stent. 

10 The stent generally provides strength and rigidity to the heart valve. Typically, 
the stent is covered with a textile material, such as Dacron™, which provides a 
substrate to which the heart valve may be secured. While the stent provides 
desired rigidity and strength, which inhibits the inward deflection of the stent 
posts, it also decreases the hemodynamics of the valve. This is because the 

1 5 stent substantially increases the sidewall thickness of the prosthesis, which 
reduces the size of the flow orifice for a prosthesis having a given outer 
diameter. The exposed textile covering also tends to abrade cusps of the valve. 

In order to overcome the disadvantages associated with the stented heart 
valve prosthesis, there has been an increasing tendency to form natural tissue 


SHE-6933 

heart valve prostheses with no stent. These are called stentless valves. 
Stentless valves exhibit improved hemodynamics and are less resistant to blood 
flow. In addition, stentless valves, as compared to stented valves, are more 
resistant to structural failure because the rigidity of a stent can cause damage to 
5 the moving cusps. The improved hemodynamic characteristics of stentless 

valves can also cause beneficial remodeling of the heart muscle. For example, it 
has been determined that several months after implantation of a stentless valve 
in the aortic position, there is a noticeable improvement in the size of a left 
ventricle. 

10 

Summary of the Invention 

One aspect of the present invention provides a heart valve prosthesis that 
includes a valve member having an inflow end, an outflow end, and a generally 
cylindrical sidewall portion extending between the inflow end and the outflow 
end. The valve member includes at least one leaflet moveable relative to the 
sidewall portion to provide for substantially unidirectional flow of fluid through the 
valve member. A support of a substantially flexible material positioned is around 
the sidewall portion. A strip of pliant material is provided around valve member 
intermediate the inflow end and the outflow end of the valve member in a 
generally overlying relationship with the support. A covering is provided over a 
radially outer exposed surface of at least the strip. 

Another aspect of the present invention provides a heart valve prosthesis 
includes a heart valve. The heart valve includes a generally cylindrical sidewall 
portion extending between an inflow end and an outflow end. At least one leaflet 
is located within the sidewall portion, the leaflet being moveable relative to the 
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sidewall portion to provide for substantially unidirectional flow of blood through 
the heart valve. A support apparatus can be provided around the sidewall 
portion and positioned axially between the inflow end and the outflow end of the 
sidewall portion. A strip of pliant material is provided around the sidewall portion 
of the heart valve intermediate the inflow end and the outflow end of the sidewall 
portion and extending radially outwardly beyond a radially outer surface of the 
support. A pliable covering is applied over the strip and attached relative to the 
heart valve to inhibit axial movement of the strip relative to the heart valve. 

Brief Description of the Drawings 

FIG. 1 A is a perspective view of a heart valve prosthesis depicting a first 
fabrication stage according to an aspect of the present invention. 

FIG. 1B is a partial cross-sectional view of the prosthesis of FIG. 1A 
FIG. 2A is a perspective view of a heart valve prosthesis depicting a 
second fabrication stage according to an aspect of the present invention. 
FIG. 2B is a partial cross-sectional view of the prosthesis of FIG. 2A 
FIG. 3A is a perspective view of a heart valve prosthesis according to an 
aspect of the present invention. 

FIG. 3B is a partial cross-sectional view of the prosthesis of FIG. 2A 

Detailed Description 

Figs. 1 A through 3B illustrate an example of one embodiment of a heart 
15 valve prosthesis 10 being fabricated in accordance with an aspect with the 
present invention. Each of the Figs. 1A, 2A, and 3A correspond to different 
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possible stages of fabrication that can be utilized to provide the prosthesis 10. 
The resulting prosthesis 10 is shown in Fig. 3A. 

Those skilled in the art will understand and appreciate that various other 
approaches can be employed to produce a heart valve prosthesis according to 
5 the present invention. Additionally, it will be understood and appreciated that the 
relative dimensions between the various parts of the prosthesis 10 depicted in 
the figures are shown for purposes of simplicity of illustration and that various 
other dimensions and configurations can be utilized. 

Throughout the various figures, the prosthesis 10 includes a valve portion 
10 12 arranged to provide for substantially unidirectional flow of blood through the 
valve portion 12. The valve portion 12 includes an inflow end 14 spaced apart 
from an outflow end 16 by a generally cylindrical sidewall portion 18. In the 
particular example of Figs. 1A, 2A and 3A, the valve portion 12 is depicted as 
including a plurality of leaflets 20, 22 and 24 that extend from and are moveable 
15 relative to the associated sidewall portion 18. 

For instance, the leaflets 20, 22 and 24 and sidewall portion can 
correspond to parts of a tri-leaflet valve that has been previously harvested and 
treated for implantation. Thus, the sidewall portion 18 can be formed of a 
corresponding valve wall of a biological heart valve (e.g., an aortic or pulmonic 

20 valve). For example, the valve portion 12 can be implemented as a homograft 
(e.g., excised from a human donor) or a xenograft (e.g., excised from an animal, 
such as a pig, cow or horse). As an alternative example, the valve portion 12 
can be implemented as a manufactured valve that can include natural and/or 
synthetic materials. The valve portion 12 can include any number of one or 

25 more leaflets. 
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Commissures 26 are defined at the juncture of adjacent leaflets 20, 22 
and 24. The outflow end 16 of the valve portion can have a substantially 
sinusoidal outflow end, such as depicted in the figures. A sinusoidal outflow end, 
for example, has peaks at the respective commissures 26 and corresponding 
5 sinuses between adjacent peaks. Alternatively, the outflow end 16 could be 
configured to be generally circular by maintaining a length of valve wall 
substantially co-extensive with the axial length of the valve portion at the 
respective commissures 26. Similarly, the inflow end 14 can be generally 
sinusoidal having peaks and valleys corresponding to the outflow end peaks and 
10 valleys. Alternatively, the inflow end 14 can be a generally circular. 

The prosthesis 12 also includes a generally annular support 30 disposed 
about the valve portion 12. The support 30 helps stabilize the prosthesis 10 both 
during and after implantation, such as by helping to maintain a desired cross- 
sectional dimension. The annular support 30 includes an inflow end 32 and an 
15 outflow end 34 spaced apart from the inflow end to define a sidewall portion 
thereof. 

In the example embodiment shown in the figures, the outflow end 34 of 
the support 30 is dimensioned and configured according to the outflow end 16 of 
the valve portion 12. Thus, in the illustrated example, the outflow end 34 of the 

20 support 30 is generally sinusoidal having peaks 36 generally aligned with the 
commissures 26 of the valve portion 12. The axial length of the sidewall of the 
support 30 generally ranges from about 1/3 to about 2/3 of the axial length of the 
valve portion 12. The inflow end 32 of the support 30 can also be configured 
according to the contour of the inflow end 14 of the valve portion 12. Examples 

25 of some different types and configurations of supports that can be employed are 
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shown and described in commonly owned U.S. Patent No. 5,935,163, which is 
incorporated herein by reference. 

The annular support 30 is positioned around the sidewall portion 18 
intermediate the inflow and outflow ends 14 and 16, respectively, of the valve 
portion 12. The support 30 can be positioned coaxially around the valve portion 
12, such as by sliding it over the sidewall portion 18 thereof. In a desired relative 
position, the inflow end 32 of the support 30 is spaced apart from the inflow end 
14 of the valve portion 12 and the outflow end 34 of the support is spaced apart 
from the outflow end 16 of the valve portion. One or more sutures 38 can be 
applied to help secure the support 30 relative to the valve portion 12. 

The support 30 can be formed of a substantially flexible material, such as 
a metal or plastic that is able to bend or flex without breaking. For instance, the 
flexible material should have a desired memory characteristic capable of 
returning to its original (e.g., generally circular cylindrical) shape after being 
deformed. The support 30, for example, can be formed of an elastic-type flexible 
material, such as Delrin. Those skilled in the art will appreciate various other 
materials that can be used to form the support 30. 

The diameter of the support 30 generally depends on the size of the valve 
portion 12. In one embodiment, the support 30 has a radial thickness that is less 
than about 0.5 mm. Those skilled in the art will understand and appreciate that 
other radial thicknesses can be utilized depending on, for example, the desired 
stiffness of the prosthesis 10 and the type of material being used. 

A sheath 40 of a substantially biocompatible material can be applied to 
cover the support 30 and at least a radially outer surface of the sidewall portion 
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18. In the particular example depicted in the figures, the sheath 40 covers the 
support 30 and the entire exposed sidewall portion 18. The sheath 40 can be 
secured relative to the sidewall portion 18 of the prosthesis 10 by one or more 
sutures 42. As an example, "mattress sutures" can be applied between the 
5 sheath 40 and the support 30 to maintain the axial positioning of the support 
intermediate the inflow and outflow ends 12 and 14 of the heart valve 10. 

The sheath 40 could be any flexible biocompatible tissue material (natural 
or synthetic). In one embodiment, the sheath 40 is formed from one or more 
sheets of a biological tissue material, such as animal pericardium (e.g., bovine, 

10 equine, porcine, human, etc.), dura matter, collagen, peritoneum and the like. 
The biological tissue material may be chemically treated in a suitable fixation 
solution, such as including glutaraldehyde. 

By way of further illustration, the sheath 40 may be formed from a NO- 
REACT® tissue product, which is commercially available from Shelhigh, Inc., of 

15 Millburn, New Jersey as well as from distributors worldwide. The NO-REACT® 

tissue products help improve the biocompatibility of the apparatus 50, thereby 
mitigating the likelihood of a patient rejecting an implanted prosthesis that 
includes the apparatus. The NO-REACT® tissue also resists calcification when 
implanted. Those skilled in the art will appreciate various other materials that 

20 could be utilized for the sheath, including as cloth (e.g., Dacron) as well as other 
biocompatible materials (natural or synthetic). 

In the illustrated example, the prosthesis 10 also includes an outflow 
extension 44 associated with each of a plurality of commissures 26 of the valve 
portion 10. The outflow extensions 44 extend a predetermined distance beyond 
25 as well as lateral to each the outflow end 16 of the valve portion at the respective 


7 


SHE-6933 

commissures 26. The outflow extensions 44 can be formed of one or more 
sheets of any suitable flexible material, such as a natural tissue material (e.g., 
pericardium, dura matter or collagen) as well as a cloth or fabric material (e.g., 
Dacron). The outflow extensions 44 can be formed of the same or a different 
5 material from the sheath 40. 

The support 30 can be configured to be sufficiently flexible, such that the 
support cannot of its own strength inhibit radial deflection of the commissures 26, 
such as during closure of the leaflets 20, 22 and 24 of the prosthesis when 
implanted. Accordingly, when implanting prosthesis 10, the outflow extensions 
10 44 can conveniently be secured (e.g., by sutures) to the valve wall or other 

surrounding tissue of the patient. As a result, the aortic valve wall to which the 
outflow extensions are secured will inhibit the radial inward deflection of the 
commissures 26, thereby maintaining a desired shape of the prosthesis 10. As a 
result, improved coaptation between the leaflets 20, 22 and 24 can be provided. 

15 In the particular example illustrated in the figures, the outflow extensions 

44 are formed as an outflow extending portions of the sheath 40. That is, the 
outflow extensions 44 can be part of the sheath, which part extends a desired 
amount beyond the outflow end of the valve portion 12 aligned with the 
respective commissures 26. In the example in Fig. 1A, an outflow end 48 of the 

20 sheath 40 conforms and is substantially coextensive with the outflow end 16 of 
the valve portion 12, except that the outflow extensions 44 extend beyond the 
outflow end of the valve portion at the respective commissures 26. An inflow 
end portion 46 of the sheath 40 extends axially beyond an inflow end 14 of the 
valve portion 12. The inflow end portion 46 of the sheath 40 extends axially 

25 beyond the inflow end 14 of the valve portion, for example, a distance that 
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approximates (or exceeds) a distance between inflow and outflow ends of the 
valve portion 12 at its sinuses. 

Referring to Figs. 2A and 2B, a strip 50 is disposed around the valve 
portion 12 intermediate the inflow end 14 and outflow end 16 thereof. A radially 
5 outer extent of the strip 50 extends radially outwardly beyond a radially outer 

sidewall surface of the support 30. In the example of FIGS. 2A and 2B, the strip 
50 generally circumscribes the annular support 30. For instance, as depicted in 
Fig. 2B, the strip 50 has an axial dimension D2 that is less than an axial 
dimension D1 of the support 30. The strip 50 can also be positioned axially 

10 relative to the support 30 such that an inflow end 52 of the strip 50 is spaced 
apart from an inflow end 32 of the support 30. An outflow end 54 of the strip 
further can be spaced apart from the outflow end 34 of the support 30. That is, 
the strip 50 can positioned to be axially centered and to circumscribe a central 
portion of the support 30, such as shown in Figs. 2A and 2B. Alternatively, the 

1 5 strip 50 can be oriented axially such that the inflow end 52 of the strip 50 is 

adjacent relative to an inflow end 32 of the support 30 or that the outflow end 54 
is adjacent the outflow end 34 of the support. 

The strip 50 can be formed of one or more layers of a pliant material, such 
as a biocompatible tissue material. For instance, the strip 50 can be formed of a 

20 biological tissue material, such as animal pericardium, dura matter, collagen, 
peritoneum or the like. Alternatively, the strip 50 can be formed of a natural or 
synthetic cloth-like material, such as Dacron or PTFE (polytetrafluoroethylene) or 
a plurality of sutures. The strip 50 can be in the form of a continuous annular 
strip. Alternatively, an elongate strip of a suitable material can be applied in a 

25 desired configuration around the valve portion and outer sheath 18 without 
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connecting the ends thereof. Additionally or alternatively, the strip 50 can 
comprise more than one length of a suitable material. 

Those skilled in the art will understand and appreciate that the radial 
thickness of the strip 50 can be increased by employing more than one strip or 
5 by selecting the material to have a desired thickness. The strip 50 thus can 
provide a pliant substrate for receiving sutures to secure the prosthesis at an 
annulus of a patient's heart valve. 

FIGS. 3A and 3B depict one example of a completed prosthesis 10 that 
according to an aspect of the present invention. The prosthesis 10 includes a 

10 biocompatible pliable covering 60 over the strip 50. In the example of FIGS. 3A 
and 3B, at least an inflow portion 64 of the covering 60 includes an outflow 
portion 62 that extends beyond an outflow end 54 of the strip 50. At least a 
portion of the covering 60 also extends axially beyond the inflow end 52 of the 
strip 50, such that the strip 50 is completely covered, as shown in Figs. 3A and 

15 3B. The covering 50 can be formed of any suitable biocompatible material, 

including, but not limited to, the materials described herein that can be utilized 
for the sheath 40. The covering 50 can be formed of the same or a different 
material from the sheath 40. 

In the illustrated example of Figs. 3A and 3B, the covering 60 can be 
20 formed by folding (or plicating) the inflow end portion 46 of the sheath 40 (see, 
e.g., FIGS. 2A and 2B) axially towards the outflow end 16 of the valve portion 12 
to cover the strip 50, which defines a fold seam in the sheath at the inflow end of 
the prosthesis 10. The end portion 46 of the sheath 40, for example, can be 
folded such that its most inflow end is positioned adjacent or substantially 
25 coextensive the sinus regions of the valve portion 12, such as located axially 
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between the outflow end 34 of the support 30 and the outflow end 16 of the valve 
portion 12. By folding the inflow extending portion 46 of the sheath 40 in this 
way, the prosthesis 10 can be provided with a lower profile inflow annulus when 
compared to many other prostheses. 

What has been described above includes examples of the present 
invention. It is, of course, not possible to describe every conceivable 
combination of components or methodologies for purposes of describing the 
present invention, but one of ordinary skill in the art will recognize that many 
further combinations and permutations of the present invention are possible. 
Accordingly, the present invention is intended to embrace all such alterations, 
modifications and variations that fall within the spirit and scope of the appended 
claims. 
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